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7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
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Keywords:'LH/HUQIDEULN/HDUQLQJ)DFWRULHV6XVWDLQDEOH3URGXFWLRQ(QJLQHHULQJ(GXFDWLRQ5HVHDUFKEDVHG/HDUQLQJ(QHUJ\(IILFLHQF\
 'LH/HUQIDEULN
)DFWRULHV DUH D SODFH IRU LQQRYDWLYH FUHDWLYH DQG HIILFLHQW
YDOXHFUHDWLRQRI LQGXVWULDO JRRGV >@7KH\ UHSUHVHQW D ORFDO
FRQFHQWUDWLRQRI WKHSULPDU\ IDFWRUVRISURGXFWLRQEXLOGLQJV
HTXLSPHQW PDWHULDO DQG SHUVRQQHO DV ZHOO DV WKH GHULYHG
IDFWRUV NQRZOHGJH VNLOOV DQG FDSLWDO >@ 7KH *HUPDQ
JRYHUQPHQW FRPPLWWHG LWVHOI WR D VXVWDLQDEOH HFRQRP\ DQG
HQHUJ\SROLF\DVZHOODV WRDGLJLWDOHFRQRP\DQGVRFLHW\E\
LQWURGXFLQJWKHLUKLJKWHFKVWUDWHJ\LQ>@±LQDOLJQPHQWZLWK
WKH (XURSHDQ UHJXODWLRQ WR HVWDEOLVK WKH +RUL]RQ 
IUDPHZRUN SURJUDP >@ 7RPDLQWDLQ WKH FRPSHWLWLYHQHVV RI
IDFWRULHV HGXFDWLRQ RI QHZ DQG IXUWKHU TXDOLILFDWLRQ RI
H[LVWLQJ SHUVRQQHO LV D GHWHUPLQLQJ IDFWRU (VSHFLDOO\ LQ WKH
GRPDLQRISURGXFWLRQHQJLQHHULQJHGXFDWLRQVXLWDEOHPHWKRGV
WRDGGUHVVWKHQHHGVWRZDUGVDPRUHVXVWDLQDEOHGHYHORSPHQW
DUH QHHGHG $W WKH VDPH WLPH HQDEOHUV OLNH GLJLWDOLVDWLRQ
VKRXOG EH DGGUHVVHG LQ H[LVWLQJ FXUULFXOD $JDLQVW WKLV
EDFNJURXQG WKH ,QVWLWXWH RI 0DFKLQH 7RROV DQG 3URGXFWLRQ
7HFKQRORJ\ RI WKH 7HFKQLVFKH 8QLYHUVLWlW %UDXQVFKZHLJ
LQWURGXFHG Die Lernfabrik LQ VSULQJ RI  >@ WR FUHDWH D
OHDUQLQJ IDFWRU\ HQYLURQPHQW IRU WKH ILHOGV RI VXVWDLQDEOH
SURGXFWLRQ DQG OLIH F\FOH HQJLQHHULQJ 7KH WULJJHU IRU WKH
LQLWLDWLRQ RI 'LH /HUQIDEULN ZDV WKH RIWHQ GLIILFXOW
HPSOR\DELOLW\ RI PHWKRGEDVHG VNLOOV RI WKH VXVWDLQDEOH
SURGXFWLRQ SDUDGLJP LQ WKH UHVHDUFKOHG OHFWXUH Energy 
Efficiency in Production Engineering DQGLQWKHGLVVHPLQDWLRQ
RI UHVXOWV IURP SXEOLFO\IXQGHG UHVHDUFK SURMHFWV LQ WKH
PHQWLRQHG ILHOGV $FFRUGLQJO\ WKH FHQWUDO IRFXV RI
'LH/HUQIDEULNLVVWUXFWXUHGLQWKUHHFROXPQVVHH)LJ
7KHWKUHHFROXPQVRI'LH/HUQIDEULNUDQJHIURPOHDUQLQJLQ
DFWLYH UHVHDUFK SURMHFWV LQ D QHDULQGXVWULDO IDFWRU\
HQYLURQPHQW ZLWK DFWXDO SURGXFWLRQ PDFKLQHV DQG WHFKQLFDO
EXLOGLQJ VHUYLFHV WR OHDUQLQJ HTXLSPHQW IRU FODVV URRP
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'HULYDWLRQRIUHVHDUFK
TXHVWLRQV± VDQGER[RIUHVHDUFK
'LVVHPLQDWLRQRI
UHVHDUFKUHVXOWV
*
HQHUDWLRQRITXHVWLRQVLGHDV
NQRZ
OHGJHFRP
ELQDWLRQDQG
H[WHUQDOLVDWLRQ
External innovations
(GXFDWLRQDQGOHDUQLQJHQYLURQPHQW
IRUVWXGHQWVDQGH[SHUWV
([SHULPDWQDOSODWWIRUP±
VDQEER[RIUHVHDUFK
&
RQWLQXRXVNQRZ
OHGJHJHQHUDWLRQ
DQGLQWHUQDOLVDWLRQ 5HVHDUFK (GXFDWLRQ
OHFWXUHV7KH research lab LV WKH ILUVW FROXPQDQG IRFXVHVRQ
WKHGLVVHPLQDWLRQRIUHVHDUFKSURMHFWUHVXOWVE\LPSOHPHQWLQJ
GHYHORSHG SURWRW\SHV LQ IDFWRU\ HQYLURQPHQWV $FFRPSDQLHG
E\LQWHUQDOUHVHDUFKZRUNHJGLVVHUWDWLRQVPDVWHUWKHVHVD
FRQWLQXRXV LQWHUQDOLVDWLRQ>@RINQRZOHGJH LVEHLQJUHDOLVHG
7KH VHFRQGFROXPQ LVD UHVHDUFKEDVHG OHDUQLQJHQYLURQPHQW
QDPHGexperience lab7KHH[SHULHQFHODEIRFXVHVRQSUDFWLFH
RULHQWHGDSSOLFDWLRQRIPHWKRGVDQGWRROVRQDSK\VLFDOVPDOO
VFDOHG PRGXODU SURGXFWLRQ V\VWHP 7KH VFDOHGGRZQ
SURGXFWLRQ HTXLSPHQW DQG SURFHVV FKDLQV DOORZ WKH
HVWDEOLVKPHQW RI D VDIH DQG DFFHVVLEOH OHDUQLQJ HQYLURQPHQW
IRUWKH OHDUQHU7KHOHDUQHUVDUHIUHHWRPRGLI\DQGUHDUUDQJH
SURFHVVHV DQG SURGXFWLRQ HTXLSPHQW DQG WR DSSO\
RUJDQLVDWLRQDO PHDVXUHV WR H[SHULHQFH WKH G\QDPLF UHVSRQVH
IURP WKH SURGXFWLRQ V\VWHP ZLWK DOO V\VWHPLF
LQWHUGHSHQGHQFLHV $FFRUGLQJ WR WKLV VHWWLQJ WKH H[SHULHQFH
ODE DOORZV WR JHQHUDWH PHWKRGEDVHG NQRZOHGJH E\ VWXGHQWV
DQG H[SHUWV H[WHUQDOLVDWLRQ DQG WKH GHULYDWLRQ RI QHZ
UHVHDUFKTXHVWLRQVDQG LGHDVE\NQRZOHGJHFRPELQDWLRQ7KH
WKLUG FROXPQ ± education lab ± IRFXVHV RQ WKH WUDQVIHU RI
NQRZOHGJH RQ SUHGHILQHG OHDUQLQJ SDWKV GLUHFWHG DW D UDWKHU
OHVV UHVHDUFKEDVHG OHDUQLQJ H[SHULHQFH EXW D PRUH
DSSOLFDWLRQRULHQWHG RQH )RU WKLV WKH HGXFDWLRQ ODE SURYLGHV
SDUWLDOO\PRELOHOHDUQLQJHTXLSPHQWZLWKEXLOGLQFRXUVHVDQG
JXLGHGSUDFWLFDOH[SHULPHQWVLQFORVHGOHDUQLQJF\FOHV


)LJ.QRZOHGJHJHQHUDWLRQF\FOHZLWKWKHRUJDQLVDWLRQDOVWUXFWXUHRI
'LH/HUQIDEULN
)XUWKHUPRUH'LH/HUQIDEULN LV RSHQ IRU WKH LQWHJUDWLRQRI
H[WHUQDOLQQRYDWLRQVIURPUHVHDUFKFRPPXQLWLHVDQGLQGXVWU\
$V WKHUHVHDUFK ODESURYLGHVDOO IDFLOLWLHVDQGHTXLSPHQWRID
FRPPRQ VPDOO DQG PHGLXP VL]HG PDQXIDFWXULQJ FRPSDQ\
EXW LV QRW ERXQG WR WKH FRQVWUDLQWV RI D UHDO WKURXJKSXW DQG
TXDOLW\GULYHQSURGXFWLRQ VLWH H[WHUQDO UHVHDUFKSDUWQHUV ILQG
DQ HQYLURQPHQW IRU WHVWLQJ DQG HYDOXDWLRQ RI SURWRW\SLF
HTXLSPHQWSURFHVVHVDQGPDWHULDOV7KHLQQRYDWLYHLGHDVDQG
WKH FRPELQDWLRQ RI NQRZOHGJH JDLQHG E\ WKH XVHUV RI
'LH/HUQIDEULNDOORZWKHGHULYDWLRQRIQHZUHVHDUFKTXHVWLRQV
WR EH DQVZHUHG LQ FRRSHUDWLYHO\ DSSOLHG IXQGHG UHVHDUFK
SURMHFWVWRFORVHWKHORRSRIFRQWLQXRXVNQRZOHGJHJHQHUDWLRQ
DQGLQQRYDWLRQ
 %DVLF'LGDFWLF&RQFHSWRI'LH/HUQIDEULN±([SHULHQFH
/DE
3URJUHVV LQ GRPDLQV OLNH VXVWDLQDEOH SURGXFWLRQ RU OLIH
F\FOH HQJLQHHULQJ UHOLHV RQ D GHHS XQGHUVWDQGLQJ RI WKH
XQGHUO\LQJ SULQFLSOHV DV ZHOO DV RQ SUDFWLFDO VNLOOV 7KXV
HQJLQHHULQJHGXFDWLRQGLUHFWHGDW WKHVHFRPSOH[WRSLFVQHHGV
DGHTXDWH WHDFKLQJ PHWKRGV DQG OHDUQLQJ HQYLURQPHQWV
2WKHUZLVH VWXGHQWV ZLOO QRW EH DEOH WR GHYHORS XVHDEOH
FRPSHWHQFLHV DQG PHUHO\ DFFXPXODWH IDFWXDO NQRZOHGJH
7HDFKLQJ PHWKRGV DUH UHTXLUHG ZKLFK DUH GLUHFWHG DW WKH
GHYHORSPHQW RI FRPSHWHQFLHV DQG WKHUHIRUH FORVH WKH JDS
EHWZHHQ NQRZOHGJH WKH XQLYHUVLW\ DQG DFWLRQ WKH
SURIHVVLRQV>@5HJDUGLQJLQGXVWULDOHQJLQHHULQJ-DHJHUHW
DO HVSHFLDOO\ UHIHU WR V\VWHP FRPSHWHQF\ SUREOHP VROYLQJ
FRPSHWHQF\ VRFLDOFRPPXQLFDWLYH FRPSHWHQF\ DQGPHWKRGV
FRPSHWHQF\ DV YLWDO HOHPHQWV >@ 0HWKRGV OLNH UHVHDUFK
EDVHGOHDUQLQJSURMHFWEDVHGOHDUQLQJRUJDPHEDVHGOHDUQLQJ
DUHVXLWDEOHWHFKQLTXHVWRSURPRWHDGHHSHUXQGHUVWDQGLQJDQG
GHYHORSFRPSHWHQFLHVLQUHVSHFWWRFRPSOH[G\QDPLFV\VWHPV
LQFOXGLQJLQWHUOLQNHGWKLQNLQJDQGGHFLVLRQPDNLQJDVZHOODV
SUDFWLFDO VNLOOV LQ WHDPZRUN DQG FRPPXQLFDWLRQ >@
/HDUQLQJIDFWRULHVFDQSURPRWHWKHVHPHWKRGV>@7KLVGRHV
QRWLPSO\WKDWOHDUQLQJIDFWRULHVFRXOGQRWEHXVHGZLWKRWKHU
GLGDFWLF FRQFHSWV LQ PLQG ,Q WXWRULDOV GHPRQVWUDWLRQV RU
OHFWXUHV IRU LQVWDQFH D OHDUQLQJ IDFWRU\ FDQ EH D PHDQV RI
LOOXVWUDWLQJ DQG YLVXDOL]LQJ JHQHUDO FRQFHSWV RU VSHFLILF
FRUUHODWLRQV+RZHYHULQUHJDUGWRFRPSOH[DQGPXOWLIDFHWHG
ILHOGV OLNH VXVWDLQDEOH SURGXFWLRQ RU OLIH F\FOH HQJLQHHULQJ
OHDUQLQJ IDFWRULHV VKRXOG HQDEOH WKH SDUWLFLSDQWV¶ DELOLW\ WR
FULWLFDOO\DVVHVVFRPPRQDSSURDFKHVDQGDOORZIRULQGLYLGXDO
OHDUQLQJH[SHULHQFHV
)URP WKLV FRPSHWHQF\EDVHG DQG DFWLRQRULHQWHG
SHUVSHFWLYH D OHDUQLQJ IDFWRU\ FDQ EH XQGHUVWRRG DV DQ
LQWHUDFWLYH PRGHO ZKLFK UHSURGXFHV SDUWV RI VSHFLILF
WHFKQLFDO HFRQRPLF SROLWLFDO RU VRFLDO V\VWHPV DQGRIIHUV D
VLPSOLILHGDFFHVVWRWKHFRPSOH[FRUUHODWLRQVLQWKHVHV\VWHPV
7KURXJKDV\VWHPRIUXOHVDQG LQWHUIDFHV WKHSDUWLFLSDQWV DUH
DEOH WR LQWHUDFWZLWK WKHPRGHO DQG WKHUHE\ WRGHWHUPLQH WKH
RXWFRPH RI GLIIHUHQW DFWLRQV $V WKH FRQVHTXHQFHV RI WKHLU
DFWLRQVDUH OLPLWHG WR WKHFRQWH[WRI WKH OHDUQLQJ IDFWRU\ WKH
SDUWLFLSDQWVFDQH[SHULPHQWZLWKQHZVWUDWHJLHV%\UHIOHFWLQJ
WKHUHVXOWVRIWKHLUGHFLVLRQVWKH\IRUPDSHUVRQDOPRGHODERXW
WKHLPSOLFLWPRGHORIWKHIDFWRU\DQGPDNHDVVXPSWLRQVDERXW
WKHHOHPHQWVDQGUHODWLRQVRIWKHV\VWHP>@7KXVQRWRQO\
NQRZOHGJH LV WUDQVIRUPHG LQWR DFWLRQ EXW QHZ NQRZOHGJH LV
JHQHUDWHG DV ZHOO 7KLV WZRZD\ FRQQHFWLRQ RI NQRZOHGJH
DFWLRQDQGIHHGEDFNOHDGVWRH[SHULHQFHDQGUHVSRQVLELOLW\>@
DVZHOODVFRPSHWHQFLHVLQGHFLVLRQPDNLQJ>@7KHUHIRUHD
OHDUQLQJ IDFWRU\ DV D OHDUQLQJ HQYLURQPHQW FDQ EH XVHG DV D
VHWWLQJIRUEHKDYLRUDOUHKHDUVDOÄ/HDUQLQJ)DFWRULHVSXUVXHDQ
DFWLRQRULHQWHG DSSURDFK ZLWK SDUWLFLSDQWV DFTXLULQJ
FRPSHWHQFLHV WKURXJK VWUXFWXUHG VHOIOHDUQLQJ SURFHVVHV LQ D
SURGXFWLRQWHFKQRORJLFDOOHDUQLQJHQYLURQPHQW³>@
7R UHIOHFW WKH FORVH UHODWLRQVKLS EHWZHHQ UHVHDUFK DQG
HGXFDWLRQ LQ 'LH /HUQIDEULN FRPSDUH )LJ DV ZHOO DV WKH
VSHFLILF UHTXLUHPHQWV UHJDUGLQJ WKH HGXFDWLRQ LQ ILHOGV OLNH
VXVWDLQDEOH SURGXFWLRQ DQG OLIH F\FOH HQJLQHHULQJ UHVHDUFK
EDVHG OHDUQLQJZDV HVWDEOLVKHG DV EDVLF GLGDFWLF FRQFHSW IRU
WKH([SHULHQFH/DE
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 $SSOLFDWLRQRI5HVHDUFKEDVHG/HDUQLQJ
3.1. Research-based Learning (RBL) 
7KHRULJLQDOLGHDEHKLQGUHVHDUFKEDVHGOHDUQLQJLVGHULYHG
IURP +XPEROGW¶V YLVLRQ IRU KLJKHU HGXFDWLRQ +LV LGHD ZDV
WKDW³XQLYHUVLWLHVVKRXOGWUHDWOHDUQLQJDVFRQVLVWLQJRIQRW\HW
ZKROO\ VROYHG SUREOHPV DQG KHQFH DOZD\V LQ D UHVHDUFK
PRGH´>@WUDQVODWHGIURP>@7KLVVKRZVWKDWQHLWKHUWKH
WUDGLWLRQDO XSIURQWWHDFKLQJ VW\OH QRU D WUDGLWLRQDO UHVHDUFK
URXWLQH LV DSSURSULDWH IRU XQLYHUVLW\ HGXFDWLRQ >@
+XPEROGW¶V YLVLRQ UDWKHU DLPV IRU WKH XQLW\ RI UHVHDUFK DQG
WHDFKLQJ ZKHUH WKH XQLYHUVLW\ LV PDLQO\ FRQVLGHUHG DV D
UHVHDUFK LQVWLWXWLRQ ZLWK WKH SULPDU\ WDVN WR SDVV RQ
NQRZOHGJH DQG WR GLVFXVV LW FULWLFDOO\ )XUWKHU WKLV YLVLRQ LV
FKDUDFWHUL]HGE\DFORVHXQLYHUVLW\FRPPXQLW\WKDWFRPSULVHV
OHDUQHUVDQGWHDFKHUVDQGDOORZVDQRSHQGLVFXVVLRQEHWZHHQ
WKHP 0RUHRYHU WKLV YLVLRQ LV EDVHG RQ WKH EHOLHI WKDW DOO
GLVFLSOLQHV FRQWULEXWH WR D FRPSUHKHQVLYH HGXFDWLRQ 7KXV
VFLHQWLILF WKLQNLQJ LV QRW VXSSRVHG WR EH OLPLWHG WR RQH
VSHFLILFGLVFLSOLQHRIVFLHQFHEXWWREHLQWHUGLVFLSOLQDU\>@
2QWKHEDVLVRIWKLVYLVLRQWKHFRQFHSWRIDUHVHDUFKEDVHG
OHDUQLQJZDVGHYHORSHG$FFRUGLQJWR+XEHULWFDQEHGHILQHG
DV D IRUPRI OHDUQLQJZKHUH WKH OHDUQHUV GHVLJQ H[SHULHQFH
DQG UHIOHFW WKH HQWLUH SURFHVV RI D UHVHDUFK SURMHFWZLWK WKH
JRDOWRJHQHUDWHQHZILQGLQJVDQGUHVXOWVZKLFKPD\DOVREH
LQWHUHVWLQJ IRU D WKLUG SDUW\ 7KH SURFHVV LQYROYHV WKH
GHYHORSPHQW RI D UHVHDUFK TXHVWLRQ DQG GHULYDWLRQ RI D
K\SRWKHVLV WKH VHOHFWLRQ DQG LPSOHPHQWDWLRQ RI DQ
DSSURSULDWHPHWKRGDVZHOODVDUHYLHZDQGSUHVHQWDWLRQRIWKH
UHVXOWV +HUH WKH OHDUQHUV ZRUN LQGHSHQGHQWO\ RU LQ DFWLYH
SDUWLFLSDWLRQRQ WKH UHVHDUFK SURMHFW >@7KXV WHDFKHUV DUH
IDFLQJ WKH FKDOOHQJH WR PDNH WKH DFWXDO UHVHDUFK SURFHVV
YLVLEOH DQG QRW MXVW WKH UHVXOWV ,W LV WKHUHIRUH FULWLFDO WR
DUUDQJH OHDUQLQJ VLWXDWLRQV DORQJ ZLWK DSSURSULDWH UHVHDUFK
TXHVWLRQV>@
+RZHYHU LW LV HVVHQWLDO WKDW UHVHDUFKEDVHG OHDUQLQJ LV
LQLWLDWHG LQ WKH PLQGV RI OHDUQHUV DQG FUHDWHV D FRQQHFWLRQ
EHWZHHQ WHDFKLQJ DQG UHVHDUFK LQ WKHLUPLQGV >@7KH\ DUH
VXSSRVHG WR H[SHULHQFH VFLHQFH DV D VRFLDO SURFHVV ZLWK
FRJQLWLYHDQGHPRWLRQDOH[SHULHQFHV,QWKLVFDVHWKHSUDFWLFDO
UHVXOWV DUH QRW DV LPSRUWDQW DV WKH WKHRUHWLFDO LQVLJKWV DQG
GHHSHU XQGHUVWDQGLQJ RI VRFLDO DQG VFLHQWLILF UHVSRQVLELOLW\
>@
,QDGGLWLRQ WKHUHDUHDOVRIXUWKHUFRQFHSWVWKDWIRFXVRQD
FRPELQDWLRQRI UHVHDUFK DQG OHDUQLQJ DQG DUH LQWHUGHSHQGHQW
ZLWK UHVHDUFKEDVHG OHDUQLQJ +HDO\ DQG -HQNLQV FODVVLILHG
IRXU GLIIHUHQW ZD\V RI HQJDJLQJ VWXGHQWV ZLWK UHVHDUFK DQG
LQTXLU\DVGHSLFWHGLQ)LJ
5HVHDUFKOHG DFWLYLWLHV IRFXV RQ WKH XQGHUVWDQGLQJ RI
UHVHDUFK ILQGLQJV ZKLOH D UHVHDUFKRULHQWHG FRQFHSW IRFXVHV
RQ WKHXQGHUVWDQGLQJRI UHVHDUFKSURFHVVHV WHDFKLQJ LQTXLU\
VNLOOVDQGWHFKQLTXHV)RUERWKDSSURDFKHVWKHVWXGHQWVPDLQO\
SOD\ WKH UROH RI D SDVVLYH DXGLHQFH 7KH UHVHDUFKWXWRUHG
FRQFHSW RQ WKH RWKHU KDQG HQFRXUDJHV DQ RSHQ DQG DFWLYH
GLVFXVVLRQEHWZHHQ OHDUQHUVDQG WHDFKHUVRQUHVHDUFKFRQWHQW
DQG WKH UHVHDUFKEDVHG FRQFHSW IRFXVHV RQ OHDUQLQJ WKURXJK
DFWXDOO\ FRQGXFWLQJ D UHVHDUFK SURMHFW 7KHVH WZR FRQFHSWV
FRQVLGHUWKHVWXGHQWVWREHDFWLYHSDUWLFLSDQWV>@


)LJ&ODVVLILFDWLRQRIFRQFHSWVUHJDUGLQJWKHUHODWLRQVKLSEHWZHHQWHDFKLQJ
DQGUHVHDUFKDGDSWHGIURP>@
$OOIRXUZD\VGLIIHUIURPHDFKRWKHULQWHUPVRILQYROYLQJ
VWXGHQWVDQGUHVHDUFKDVSHFWVEXW+HDO\DQG-HQNLQVFRQVLGHU
WKHP WR EH LQWHUGHSHQGHQW DQG YDOLG (IIHFWLYH HGXFDWLRQ
SURJUDPVDQGPRGXOHVVKRXOGFRQWDLQDVSHFWVRIDOORI WKHP
7KH DSSURSULDWH EDODQFH EHWZHHQ WKH DFWLYLWLHV KRZHYHU
DOZD\V KDV WR EH DGDSWHG WR WKH ERXQGDU\ FRQGLWLRQV )RU
XQLYHUVLW\ HGXFDWLRQ WKH\ UHFRPPHQG IRU H[DPSOH WKDW WKH
VWXGHQWV VSHQG PRUH WLPH ZLWK DFWLYLWLHV IURP WKH WRS KDOI
WKDQWKHERWWRPKDOIRIWKHPRGHOVKRZQLQ)LJ>@
3.2. Application in University Course: Energy Efficiency in 
Production Engineering 
7KH LQWHJUDWLRQ RI UHVHDUFK LQ WHDFKLQJ KDV DWWDLQHG
FRQVLGHUDEOHUHOHYDQFHGXULQJWKHODVWGHFDGHVDVLWFRPELQHV
WKH WHDFKLQJ RI WKHRUHWLFDO NQRZOHGJH ZLWK WKH GHYHORSPHQW
RIPHWKRGRORJLFDO DQG VRFLDO VNLOOVZKLFK DUH FRQVLGHUHG WR
EH FUXFLDO IRU D JRRG SURIHVVLRQDO 'XH WR WKH EHQHILWV RI
DFWLRQRULHQWHG OHDUQLQJ FRPSDUHG WR WUDGLWLRQDO IURQWDO
WHDFKLQJ WKHFRQFHSWRI UHVHDUFKEDVHG OHDUQLQJZDVDSSOLHG
LQ 'LH/HUQIDEULN DQG HPEHGGHG ZLWKLQ WKH FRXUVH Energy 
Efficiency in Production Engineering.7KHXQGHUO\LQJFRXUVH
ZDV RIIHUHG E\ WKH LQVWLWXWH VLQFH  IRU HQJLQHHULQJ
VWXGHQWVLQPDVWHUSURJUDPV7KLVFRXUVHLQ(QJOLVKODQJXDJH
GHDOV ZLWK FRQFHSWV PHWKRGV DQG WRROV IRU WKH GHVLJQ RI D
VXVWDLQDEOHLQGXVWULDOSURGXFWLRQLWVFRQWHQWEHLQJLQIOXHQFHG
E\ UHFHQW UHVHDUFK SURMHFWV RI WKH LQVWLWXWH LQ WKH FRQWH[W RI
HQHUJ\HIILFLHQF\7KHLGHDRIWKHFRXUVHLVWRPDNHVWXGHQWV
DVIXWXUHHQJLQHHUVDZDUHRI WKHLUUHVSRQVLELOLW\ZKLFKDULVHV
IURP WKH JUHDW LPSDFW RI LQGXVWULDO V\VWHPV RQ WKH
HQYLURQPHQW DQG VRFLHW\ >@ +HQFH V\VWHPLF WKLQNLQJ IRU
WKH UHDOL]DWLRQ RI D VXVWDLQDEOH GHYHORSPHQW PXVW EH
FRQVLGHUHG DV D NH\ DVSHFW LQ DFDGHPLF HGXFDWLRQ ,W VKRXOG
DGGUHVVDOO WKUHHSLOODUVRI VXVWDLQDELOLW\±HFRQRP\HFRORJ\
DQG VRFLHW\ >@ $JDLQVW WKLV EDFNJURXQG D KROLVWLF IDFWRU\
SHUVSHFWLYHFRQVWLWXWHVWKHFRUHHOHPHQWRIWKHOHFWXUHZKLFK
LV QRW OLPLWHG WR WKH SURGXFWLRQ PDFKLQHV DV YDOXH FUHDWLQJ
SDUWVRIWKHSURGXFWLRQEXWDOVRLQFOXGHVWKHEXLOGLQJVKHOODV
ZHOODVWKHWHFKQLFDOEXLOGLQJVHUYLFHVWKHODWWHUSURYLGLQJWKH
SURGXFWLRQ PDFKLQHV ZLWK HQHUJ\ DQG PHGLD >@ ,Q
SDUWLFXODU WKH IORZV DQG G\QDPLF LQWHUDFWLRQV EHWZHHQ WKHVH
HOHPHQWV HJ WKURXJK LQWHUGHSHQGHQW HQHUJ\ DQG UHVRXUFH
LQSXWV RU RXWSXWV KDYH WR EH XQGHUVWRRG DQG DQDO\]HG
DOORZLQJ ERWK SUHGLFWLRQ DQG LPSURYHPHQW RI HFRQRPLF DQG
HFRORJLFDONH\SHUIRUPDQFHLQGLFDWRUV
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7KH FRXUVH FRQWHQWV DQG VWUXFWXUH KDYH EHHQ UHYLVHG ZLWKLQ
WKHIXQGHGSURMHFWOHDGLQJWRWKHVWUXFWXUHGHSLFWHGLQ)LJ
7KHFXUUHQWFRXUVHFRQVLVWVRIWKUHHHOHPHQWV
x $ WKHRU\ PRGXOH ZLWK D OHFWXUH LPSDUWLQJ WKHRU\ DQG
EDFNJURXQG NQRZOHGJH DERXW GHVLJQLQJ HQHUJ\ HIILFLHQW
SURGXFWLRQV\VWHPV
x $ SUDFWLFH PRGXOH RIIHULQJ KDQGVRQ H[SHULHQFH LQ
'LH/HUQIDEULNRIWKH,:)DVDUHVHDUFKDQGOHDUQLQJODE
ZLWKUHDOLVWLFLQGXVWULDOPDFKLQHU\DQGHTXLSPHQW
x $ ODERUDWRU\ PRGXOH IRFXVLQJ RQ GHHSHU NQRZOHGJH
UHJDUGLQJVHOHFWHGOHFWXUHFRQWHQWV
7KH UHVHDUFKEDVHG OHDUQLQJ LV PDLQO\ DGGUHVVHG LQ WKH
SUDFWLFH PRGXOH ZKLFK WKHUHIRUH KDV EHHQ FRPSOHWHO\
UHGHVLJQHG ,W SUHYLRXVO\ FRPSULVHG D GHILQHG SUDFWLFDO
UHVHDUFK WDVNZKLFKZDVFDUULHGRXWXQGHU WKH LQVWUXFWLRQRI
WKH WHDFKLQJ VWDII >@ ,W PDLQO\ LQFRUSRUDWHG HOHPHQWV RI
UHVHDUFKOHGDQGIHZHOHPHQWVRIUHVHDUFKWXWRUHGDSSURDFKHV
IRFXVLQJ RQ WKH UHVHDUFK FRQWHQWV EXW QRW RQ WKH UHVHDUFK
SURFHVVDVVXFKVHH)LJ
7KHREMHFWLYHZLWKLQ WKH UHFHQW SURMHFWZDV WR HVWDEOLVK D
UHVHDUFKEDVHG OHDUQLQJ DSSURDFK FRXSOHG ZLWK WKH H[LVWLQJ
,:) OHDUQLQJ IDFWRU\ ZKLFK FDQ RIIHU RSHQ DFFHVV WR LWV
LQIUDVWUXFWXUH IRU KDQGVRQ H[SHULPHQWV GXULQJ WKH VHPHVWHU
7KH JRDO RI WKH QHZ SUDFWLFH PRGXOH LV QRW QHFHVVDULO\ WR
SURGXFH JURXQGEUHDNLQJ QHZ UHVHDUFK UHVXOWV EXW WR
H[SHULHQFH WKH SURFHVV RI VFLHQWLILF ZRUNLQJ DQG WR GHYHORS
WKHPHWKRGRORJLFDO DQG VRFLDO VNLOOV RI WKHSDUWLFLSDQWV7KLV
PD\ DOVR LQFOXGH WKH LQVLJKW RI IDLOXUHV DV UHVHDUFK LV QRW
DOZD\VOHDGLQJWRSRVLWLYHUHVXOWVDVORQJDVLWLVDSSURDFKHG
XQELDVHG )URP QRZ RQ WKH VWXGHQWV DUH VXSSRVHG WR SDVV
WKURXJKDZKROHUHVHDUFKF\FOHLQVPDOOWHDPVRIWKUHHWRILYH
VWXGHQWV VWDUWLQJ ZLWK WKH IRUPXODWLRQ RI D OHFWXUHUHODWHG
UHVHDUFK TXHVWLRQ DQG WKH VWXG\ RI FRUUHVSRQGLQJ VFLHQWLILF
OLWHUDWXUH 3K\VLFDO H[SHULPHQWV FDQ WKHQ EH GRQH LQ WKH
OHDUQLQJ IDFWRU\ IROORZHG E\ D GDWD DQDO\VLV ZLWK WRROV DQG
PHWKRGV SUHVHQWHG LQ WKH OHFWXUH 7KH UHVXOWV DQG
DFKLHYHPHQWVKDYH WREH LQWHUSUHWHGSUHVHQWHG DQG FULWLFDOO\
UHIOHFWHG E\ HDFK JURXS )LJ  JLYHV DQ RYHUYLHZ DERXW WKH
W\SLFDOVWHSVRIDUHVHDUFKF\FOHLQHQJLQHHULQJVHUYLQJDVDQ
RULHQWDWLRQ IRU WKH VWXGHQWV DWWHQGLQJ WKH FRXUVH 7KH
H[SHULHQFH ODE VHUYHV DV DQ LGHDO EDVH IRU VXFK D VHOI
GHSHQGHQW DQVZHULQJ RI UHVHDUFK TXHVWLRQV DV LW LV
LQWHQWLRQDOO\ PDGH IRU OHDUQLQJ SXUSRVHV DQG RIIHUV D ORW RI
SRVVLELOLWLHV IRU RSHQ UHVHDUFK $V VKRZQ LQ )LJ  WKH
SUDFWLFH PRGXOH FRPSULVHV VRPH DGGLWLRQDO HOHPHQWV
IRFXVLQJRQZULWWHQDQGRUDOSUHVHQWDWLRQVNLOOV7KHLGHDRID
GLJLWDO UHVHDUFK GLDU\ ZDV GHYHORSHG WR GRFXPHQW UHVHDUFK
UHVXOWV LQ D V\VWHPDWLF FRPSUHKHQVLEOH PDQQHU WR SURPRWH
VHOIDZDUHQHVV DQG WR PDNH WKH VWXGHQWV¶ UHVHDUFK SURFHVV
WUDQVSDUHQWIRUWKHWHDFKLQJVWDII
$OWRJHWKHU WKLV QHZ FRXUVH FRQFHSW UHTXLUHV D KLJKHU
GHJUHH RI VHOIGHSHQGHQFH DQG WHDPZRUN DELOLWLHV DQG
VXSSRUWV PHWKRGLF ZRUNLQJ DELOLWLHV E\ DSSO\LQJ W\SLFDO
VFLHQWLILFPHWKRGV7KH GLUHFW WUDQVIHU RI NQRZOHGJH DV ZHOO
DV UHODWHG PHWKRGV DQG WRROV IURP WKH OHFWXUH SURYLGHV WKH
VWXGHQWV ZLWK D EHWWHU XQGHUVWDQGLQJ RI WKH WKHRUHWLFDO DQG
PHWKRGRORJLFDODVSHFWVDQGOHDGVWRDEHWWHUOHDUQLQJVXFFHVV



)LJ6WUXFWXUHRIWKHFRXUVH(QHUJ\(IILFLHQF\LQ3URGXFWLRQ(QJLQHHULQJ

7KHRU\
3UDFWLFH
/HFWXUH
 7UDQVIHURIWKHRUHWLFDONQRZOHGJHUHJDUGLQJVXVWDLQDEOHSURGXFWLRQFRPSOHPHQWHGE\GLJLWDOFRPPXQLFDWLRQVSODWIRUP
5HVHDUFKEDVHGOHDUQLQJ
 &RQGXFW\RXURZQUHVHDUFKSURMHFW
 /LWHUDWXUHUHVHDUFK
 )RUPXODWLRQRIUHVHDUFKTXHVWLRQ
 ([SHULPHQWDO3URFHGXUH
 $QDO\VLV
 &ULWLFDOHYDOXDWLRQ
 3UHVHQWDWLRQRIUHVXOWV
 5HIOHFWLRQ
 8WLOLVDWLRQ RIOHDUQLQJIDFWRU\LQIUDVWUXFWXUH
)HHGEDFN
7XWRUV
&RQWLQXRXV
GRFXPHQWDWLRQ
/HFWXUHU 'LDORJXH&RQWHQWV
6XSSRUW
6WXGHQWV
3HHUUHYLHZ
'LJLWDOUHVHDUFKGLDU\
 'RFXPHQWDWLRQRIWKHUHVHDUFKSURJUHVVDVFROODERUDWLYHEORJ
7HDFKLQJOHDUQLQJXQLWV
 'HYHORSPHQWRIVKRUWWHDFKLQJOHDUQLQJXQLWVIRURWKHU
VWXGHQWVDQGWUDLQHHVRIWKH*$:
&RQIHUHQFH
 3UHVHQWDWLRQRIUHVXOWVDWD³FRQIHUHQFH ´ZLWKSRVWHUVHVVLRQ
Results
3URFHVVLQJ
.QRZOHGJHWUDQVIHU
/DERUDWRU\RSWLRQDO
 8WLOL]DWLRQRILQGXVWULDOPHWHULQJDQGVHQVRUHTXLSPHQWÆ'HYHORSPHQWRIHQHUJ\IORZYLVXDOL]DWLRQWRVXSSRUWPDFKLQHRSHUDWRU
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
2QH PDMRU DGYDQWDJH FRPSDUHG WR WKH LQLWLDO VLWXDWLRQ LV
WKH LQFUHDVHGPRWLYDWLRQRI WKH VWXGHQWVZKRFDQQRZZRUN
RQ VHOIFKRVHQ WRSLFV RI WKHLU RZQ LQWHUHVW DQG DUH WDNHQ DV
VHULRXV UHVHDUFKHUV 7KH H[SHULHQFHV IURP WKH ILUVW
LPSOHPHQWDWLRQLQVXPPHUDUHSRVLWLYHSDUWLFXODUO\WKH
VWXGHQWV IHHGEDFN ZDV YHU\ HQFRXUDJLQJ 8QGHUOLQLQJ WKH
EHQHILWV RI WKH UHVHDUFKEDVHG OHDUQLQJ DSSURDFK DOVR WKH
H[DPLQDWLRQ UHVXOWV LPSURYHG UHPDUNDEO\FRPSDUHGZLWK WKH
ODVWVHPHVWHUVGXHWRDKLJKHUDELOLW\RIWUDQVIHUULQJWKHJDLQHG
NQRZOHGJHWRQHZVLWXDWLRQV


)LJ5HVHDUFKF\FOHXVHGDVRULHQWDWLRQIRUUHVHDUFKEDVHGOHDUQLQJZLWKLQ
WKHFRXUVHDGDSWHGIURP>@
&RQFOXVLRQDQG2XWORRN
%DVHG RQ WKH H[SHULHQFHV PDGH ZLWK WKH OHFWXUH ³(QHUJ\
(IILFLHQF\ LQ 3URGXFWLRQ (QJLQHHULQJ´ UHVHDUFKEDVHG
OHDUQLQJXVLQJ WKH LQIUDVWUXFWXUHRID OHDUQLQJ IDFWRU\ FDQEH
IXOO\ UHFRPPHQGHG IRU HQJLQHHULQJ HGXFDWLRQ $ KLJKHU
VWXGHQWPRWLYDWLRQDVZHOODVLPSURYHGOHDUQLQJUHVXOWVFRXOG
EH VWDWHGZKLOH SHUVRQDO DQG VRFLDO VNLOOV RI WKH SDUWLFLSDQWV
FRXOGFHUWDLQO\EHGHYHORSHGDOWKRXJKDPHDVXUHPHQWRIWKLV
DVSHFW FRXOG QRW EH FDUULHG RXW $ OHDUQLQJ IDFWRU\ OLNH 'LH
/HUQIDEULNGRHVQRWRQO\FRQQHFWUHVHDUFKDQGHGXFDWLRQLQD
PHUHO\FRQFHSWXDOZD\EXW LQD VWURQJO\SUDFWLFDO VHQVH%\
SURYLGLQJ WKH VWXGHQWVZLWK VWDWH RI WKH DUW DQG UHDG\WRXVH
UHVHDUFK HTXLSPHQW LW LV DQ LPSRUWDQW VRXUFH DQG LQVSLUDWLRQ
IRU WKH VWXGHQWV RZQ UHVHDUFK SURMHFWV +RZHYHU LW DOVR
SURYLGHV WKH QHFHVVDU\ LQIUDVWUXFWXUH IRU FDUU\LQJ RXW WKH
SUDFWLFDO HOHPHQWV RI UHVHDUFKEDVHG OHDUQLQJ ,Q WKH
FRPELQDWLRQ RI DFWLRQRULHQWHG OHDUQLQJ PHWKRGV DQG
FRUUHVSRQGLQJ OHDUQLQJ HQYLURQPHQWV HQJLQHHULQJ HGXFDWLRQ
ZLOO EH DEOH WRPHHW WKH FKDOOHQJHV LQ WHDFKLQJ SURYLGHG E\
GHPDQGLQJ ILHOGV OLNH VXVWDLQDEOH SURGXFWLRQ RU OLIH F\FOH
HQJLQHHULQJ
,QIXWXUHWHUPVWKHFRXUVHZLOOIRFXVRQDQLPSOHPHQWDWLRQ
RI D PRUH H[WHQVLYH SHHUUHYLHZ RI WKH VWXGHQWV UHVHDUFK
SURMHFWV 7KLV ZLOO DOORZ WKH VWXGHQWV WR JLYH DQG UHFHLYH D
SURIRXQG IHHGEDFN DV LW LV SDUW RI WKH FRPPRQ SURFHGXUHRI
VFLHQWLILF ZRUN DQG IXUWKHU GHYHORSV WKHLU VRFLDO VNLOOV
$GGLWLRQDOO\ LW LV LQWHQGHG WR FRPELQH XQLYHUVLW\ HGXFDWLRQ
ZLWKSURIHVVLRQDO WUDLQLQJ LQRUGHU WRIRVWHUPXWXDO H[FKDQJH
EHWZHHQ IXWXUH HQJLQHHUV DQG VNLOOHG ZRUNHUV 7KH VWXGHQWV
ZLOO GHVLJQ WKH OHDUQLQJSDWKVZKLFK DUH LPSOHPHQWHG LQ WKH
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